PPT WORLD INTELLECTUAL PROPERTY ORGANIZATION 

a x International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



G02B 6/122 



Al 



Publication Number: WO 99/60433 

Publication Date: 25 November 1999 (25.1 1.99) 



(21) International Application 
International Filing Date: 



PCT/GB99/01288 
26 April 1999 (26.04.99) 



(30) Priority Data: 
98 10705 J 



19 May 1998 (19.05.98) 



(71) Applicant: BOOKHAM TECHNOLOGY LIMITED [GB/GB]; 
90 Milton Park. Abingdon. Oxon OX14 4RY (GB). 

(72) Inventor: ASGHARI, Mehdi; 53 Godolphin aose, Frcshbrook, 
Swindon SN5 8RN (GB). 

(74) Agents: UNWIN. Stephen. Geoffrey et al.; Fry, Heath & 
Spence. The Old College. 53 High Street Horley, Surrey 
RH6 7BN (GB). 



(81) Designated States: AU, CA, CN, IL, JP, KR, SG, European 
patent (AT. BE, CH. CY, DE, DK, ES, FL FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SB). 



Published 

With international search report. 



(54) Title: OPTICAL DEVICE FOR SPLITTING UP A MULTI-WAVELENGTH LIGHT BEAM 




(ST) Abstract 

An optical device for splitting up a multi-wavelength light beam into a plurality of individual beams each comprising light of a 
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OPTICAL, PEV1CE 
FOR SPLITTING UP A MULT!- WAVELEN GTH LIGHT PEAM 

TECHNICAL FIELD 

The present invention relates to an optical device for splitting up a multi- 
wavelength light beam into a plurality of individual beams each comprising light of 
a different wavelength or a narrow band of wavelengths. Such a device is 
commonly called a de-multiplexer. 

BACKGROUND PRIOR ART 

It is known to use an optical transmission grating to split up a multi-wavelength 
beam of light into individual beams of light of different wavelengths or narrow 
bands of wavelengths. Such a device comprises a first optical system, for 
example a mirror, for directing the multi-wavelength beam onto the grating. On 
passing through the grating the multi-wavelength beam is split into individual 
beams of light of different wavelengths or narrow bands of wavelengths emerging 
from the grating at different angles. The individual beams are passed to a 
second optical system, for example another mirror, which directs each individual 
beam into a respective individual waveguide or other optical path device. In such 
a device the light passes through each of two optical systems once and the 
grating once. 

it is also known to use an optical reflection grating formed on the surface of a 
mirror to split up a multi-wavelength beam of light. 

The object of the present invention is to provide an improved optical device for 
splitting up a multi-wavelength beam of light into a plurality of individual beams 
each comprising light of a different wavelength or a narrow band of wavelengths. 
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SUMMARY OF THE INVENTION 

According to a first aspect of the invention there is provided an optical device for 
splitting up a multi-wavelength light beam into a plurality of individual beams of 
light of different wavelengths or narrow bands of wavelengths comprising: 

an optical grating, and 

an optical system for directing an incident multi-wavelength light beam onto the 
grating so that a first portion of the light beam passes through the grating in one 
direction and is split into a first set of individual light beams of different 
wavelengths or narrow bands of wavelengths and a second portion of the light 
beam passes through the grating in the opposite direction and is split into a 
second set of individual light beams of different wavelengths or narrow bands of 
wavelengths. 

According to another aspect of the invention there is provided an optical device 
for splitting up a multi-wavelength light beam into a plurality of individual beams of 
light of different wavelengths or narrow bands of wavelengths comprising: 

an optical grating having a first part and a second part, and 

an optical system for directing an incident multi-wavelength light beam onto the 
grating so that the incident beam passes through the two parts of the grating in 
succession and the two parts of the grating act in succession on the incident light 
beam to split the incident light beam into a set of individual beams of light of 
different wavelengths or narrow bands of wavelengths. 

According to a preferred embodiment of the invention the optical grating has a 
first part and a second part, and 

the optical system is arranged to direct a first portion of the incident beam onto 
the first part of th grating, and a second portion of the incident beam onto th 
second part of the grating, 
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the optical grating being constructed so that the first portion of th incident b am, 
on leaving th first part of the grating, is transmitted to the second part of the 
grating and the two parts of the grating split the first portion of the incident beam 
into a first set of individual beams of different wavelengths or narrow bands of 
wavelengths, and so that 

the second portion of the incident beam, on leaving the second part of the 
grating, is transmitted to the first part of the grating and the two parts of the 
grating split the second portion of the incident beam into a second set of 
individual beams of different wavelengths or narrow bands of wavelengths. 

Thus, in this preferred embodiment, the incident multi-wavelength light beam is 
effectively divided into two portions, each of these portions being directed through 
two parts of an optical grating in succession, with the two portions being directed 
through the two parts of the grating in opposite directions. 

The optical grating may be either a transmission grating or a reflection grating 
and it should be noted that references herein to light passing "through" a grating 
are to be interpreted as either light passing from one side to the other side of a 
transmission grating or light being incident upon one side of a reflection grating 
and returning from that side of the grating. 

References herein to individual beams of light of different wavelengths or narrow 
bands of wavelengths should be interpreted as covering both discrete beams of 
light and a continuous spectrum of light which can be regarded as comprising a 
series of adjacent beams of light. 

The optical device is referred to above for splitting up a multi-wavelength beam 
into a plurality of individual beams, i.e. when used as a de-multiplexer. The same 
apparatus may also be used as a multiplexer by reversing the direction of 
transmission of light through the device and this invention covers the device 
wh ther for use as a de-multjpl xer or as a multiplexer. 



Preferred or optional f atures of th invention will be appar nt from the following 
description and from th subsidiary claims of th specification. 

In order that the invention may be more readily understood embodiments will now 
be described, merely by way of example, with reference to the accompanying 
drawings in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of an optical device in accordance with a first 
embodiment of the invention including an optical transmission grating illustrating 
how the device is used to divide an incident multi-wavelength beam of light into 
two portions and to pass the two portions through the transmission grating so as 
to split up each portion into individual beams, 

Figure 2 is a schematic diagram showing how a first portion of the incident multi- 
wavelength beam passes in one direction through the optical transmission grating 
in the optical device of Figure 1 , 

Figure 3 is a schematic diagram showing how a second portion ,of the incident 
multi-wavelength beam passes in the opposite direction through the optical 
transmission grating in the optical device of Figure 1 , 

Figures 4 and 5 are schematic diagrams illustrating the construction of the optical 
transmission grating in the optical device of Figure 1 , 

Figure 6 is a schematic diagram illustrating the construction of an optical 
reflection grating, 



Figure 7 is a schematic diagram showing an optical device in accordance with a 
second embodiment of the invention and including an optical reflection grating as 
illustrated in Figure 6, 
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Figure 8 is a schematic diagram of an optical device in accordance with a third 
embodiment of th invention and using an optical reflection grating as illustrated 
in Figure 6, 

Figure 9 is a schematic diagram of an optical device in accordance with a fourth 
embodiment of the invention using a chirped grating, 

Figure 10 is an enlarged schematic diagram of part of an optical device in 
accordance with a fifth embodiment of the invention, 

Figure 11 is a schematic diagram of an optical device according to a sixth 
embodiment of the invention, and 

Figure 12 is a schematic diagram of an optical device according to a seventh 
embodiment of the invention. 

BEST MODE OF T HE INVENTION 

The invention relates to an optical device for splitting up a multi-wavelength light 
beam into a plurality of individual beams each comprising light of a different 
wavelength or a narrow band of wavelengths. The optical device includes an 
optical grating (2) and an optical system (1) for directing the incident beam onto 
the optical grating (2). 

The incident beam is divided into two portions and one portion is directed onto 
the grating (2) in one direction and the other portion onto the grating (2) in the 
opposite direction. Preferably, the grating (2) is formed in two parts (3,4) and one 
beam portion is directed through the two grating parts (3,4) in succession in one 
direction and the other beam portion is directed through the two grating parts 
(3,4) in succession in the opposite direction. A common mirror (1) may be used 
to direct light towards the grating (2) and to receive light returning from the grating 
(2). 
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A grating comprising a single part may also be used, the arrangement being such 
that a first portion of the beam passes through the grating in one direction and a 
second portion of the beam passes through the grating in the opposite direction. 
The arrangement may be similar to that shown in the Figures but with one of the 
grating parts replaced by a mirror, or other reflecting device, perpendicular to the 
plane of the replaced grating part. Such an arrangement is more compact that 
the prior art. 

With reference to Figure 1, the optical device comprises a concave mirror 1, 
shown in end view, and an optical transmission grating 2 which comprises two 
parts 3, 4. An incident multi-wavelength divergent beam of light 5, eg from a 
superluminescent diode (SLD) 10 : is directed to the surface of the mirror i. On 
reflection at the surface of the mirror 1 the multi-wavelength beam of light is 
collimated and, by the positioning of the mirror 1 relative to the grating 2, is 
effectively divided into two portions and passed to the optical transmission grating 
2. 

One portion 6 of the collimated multi-wavelength beam passes through the left 
hand (as viewed in the Figure) part 3 of the grating 2 where it is split into a first 
set of individual beams of different wavelengths or narrow bands of wavelengths. 
On leaving the left hand part 3 of the grating this first set of individual beams is 
directed towards the right hand (as viewed in the Figure) part 4 of the grating 2 
which splits these individual beams further and then directs them back to the 
mirror 1. 

The other portion 7 of the collimated multi-wavelength composite beam passes 
through the right hand (as viewed in the Figure) part 4 of the grating 2 where it is 
split into a second set of individual beams of different wavelengths or narrow 
bands of wavelengths. On leaving the right hand part 4 of the grating this second 
set of individual beams is directed towards the left hand (as viewed in Figure 3) 
part 3 of the grating 2 which splits these beams further and then directs them 
back to the mirror 1 . 
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The resolution of the multi-wavelength incident light beam into individual light 
beams is thus increased by passing the incid nt beam through two optical 
transmission gratings in succession. 



By reflection at the mirror 1 the two sets of individual beams are focussed and 
directed to a set of receiving waveguides 8 arranged so that each individual beam 
is received in a respective waveguide. The multi wavelength beam is thus split 
into individual beams of light of different wavelength or wavelengths by the 
grating 2 and each individual beam is focussed at a different point by the mirror 1 
so that, with appropriate positioning of the receiving waveguides 8, each receives 
a respective one of the individual beams. The geometry of the optical systems is 
preferably arranged so that light of the same wavelength in the two portions of the 
beam is re-combined and directed to the same output waveguide. Thus, the two 
portions of the beam are re-combined so they spatially coincide. 



The optical paths through the optical device of Figure 1 of the two portions 6, 7 of 
the incident multi-wavelength light beam are shown more clearly in Figures 2 and 
3, which illustrate the optical paths of the portions 6 and 7 respectively. It will be 
appreciated that each portion 6, 7 of the multi-wavelength light beam passes 
through the two parts 3, 4 of the grating 2 in succession, one portion 6 travelling 
in a clockwise direction as shown in Figure 2 and the other portion 7 travelling in 
an anticlockwise direction as shown in Figure 3. Nevertheless, as indicated 
above, the arrangement is such that light of a given wavelength or narrow 
wavelength band is received by the same receiving waveguide 8 whichever way it 
has passed around this optical circuit. 



The two parts 3, 4 of the optical transmission grating 2 are designed to split up 
the incident multi-wavelength light beam into individual beams as required. The 
construction of the grating is shown on a larger scale in Figures 4 and 5. Figure 4 
is a plan view of the part 3 of the grating 2 and shows how the grating is formed 
from a linear array qf generally triangular recesses 1 1 in a layer 13 of transparent 
material such as silicon, for instance, on a siltcon-on-insulator chip. The recesses 
11 are spaced by distances d1, d2, d3 etc. Figure 5 is a cross-sectional view 
along line B-B in Figure 4 showing how the recesses 11 xt nd through the 
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silicon layer 13 of a silicon-on-insulator chip. The part 4 of th grating 2 (not 
illustrated) is formed in a similar way. The two parts 3, 4 of the grating 2 are 
preferably formed adjacent each other so they meet at a point as shown. 

As illustrated in Figures 2 and 3, the array of recesses 11 forming the part 3 of 
the grating 2 extends along an axis 14 and the array of recesses forming the part 
4 of the grating 2 extends along an axis 15. The two axes 14, 15 are inclined at 
an angle A to each other so that each portion 6, 7 of the incident multi- 
wavelength composite beam, on passing through one of the parts 3, 4 of the 
grating 2, is directed to the other part and, on passing through the other part, is 
then directed back to the mirror 1, as illustrated. 

As described above, the mirror 1 re-directs light returning from the grating 2 to 
light receiving means such as a series of receiving waveguides 8 which, in turn, 
lead to respective light sensors 9. The waveguides 8 may, for instance, comprise 
a series of integrated rib waveguides each positioned to receive a respective 
wavelength beam as the beams return from the mirror at different angles 
depending upon their wavelength having undergone dispersion in the grating 2. 
The rib waveguides 8 direct the beams to respective light sensors 9 such as 
photodiodes. Alternatively, the waveguides 8 may be replaced by an array of 
optical fibres (as described further below in relation to Fig. 10), or may lead to an 
array of optical fibres. 

In another arrangement, the geometry of the optical system may be arranged so 
that the two portions of the beam travelling in opposite directions through the 
grating are not re-combined, e.g. if one portion is used to monitor the output of 
the light source. Such an arrangement is described below in relation to Figure 
10. 

The arrangement shown in Figure 1 increases dispersion of the incident beam by 
passing each portion of the beam through the two parts of the grating in 
succession. Also, the arrangement shown in Figure 1 is compact, as the beam is 
divided into two portions which are passed through th two parts of the grating in 
opposite directions to each other. The illustrated arrangement also provides 
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considerable space saving by using the same mirror to dir ct light towards the 
grating and to receive light returning therefrom. Furthermore, as the dispersion is 
increased, the distance between the receiving waveguides 8 and the grating 2 
can be reduced as th required separation between th beams of diff rent 
wavelengths is achieved over a shorter distance. 

In addition to saving space, the reduction in the number of components also 
simplifies fabrication of the device, as the fewer the components, the lower the 
risk that a faulty component will impair performance of the device. The 
production yield of a device comprising a small number of components such as 
shown in Figure 1 is thus likely to be higher and so leads to savings in production 
costs as compared to known arrangements using a plurality of mirrors. 

The optical devices illustrated in the Figures may be formed on an optical chip, 
such as a silicon-on-insulator (SOI) chip. An SOI chip enables easy integration of 
the various components of the device and relatively low fabrication costs. Further 
details of SOI chips and of rib waveguides formed thereon are given in WO 
95/08787. 

Methods of mounting components such as photodiode detectors (as shown in 
Figure 1) on a silicon-on-insulator chip are described in GB 2307786A and in 
GB2315595A. 

The incident multi-wavelength beam may be provided by a broadband source, 
such as a long coherence length SLD, which may also be mounted or hybridised 
on an silicon-on-insulator chip as described in GB2307786A and in GB2315595A. 
The incident multi-wavelength beam may also be received from another source, 
eg from an external source connected to the waveguide 5 by an optical fibre. 

The construction and operation of an optical transmission grating 2 comprising a 
linear array of recesses 1 1 by electron beam or photolithographic techniques are 
well known and will not b described in detail. As illustrated in Figures 4 and 5 
each recess 11 is formed with two surfaces 21, 22 extending generally at right 
angles to each other and connected by a third surface 23. The portion 6 of the 



WO 99/60433 



10 



PCT/GB99/01288 



incident light beam 5 reflected from the mirror 1 travels through the lay r 13 
towards the array of recesses 1 1 and undergoes total internal reflection at the 
surfaces 23 of the recesses since the refractive index of the material of the layer 
13 is greater than the refractive index of the material in the recesses (which 
would typically be air). The light beam leaves the array of recesses 1 1 in a well 
known manner in the form of an interference pattern comprising a series of peaks 
at different angular positions relative to the axis 14, each peak comprising light of 
a particular wavelength or narrow band of wavelengths. 

The optical transmission grating 2 would typically be formed of arrays of deep 
etched recesses 1 1 with reflecting surfaces 21 , 22, 23 of width in the range of 5 - 
20 microns. The distances (d1, d2. d3) between the recesses 11 would typically 
be in the range of about 5 - 20 microns and the grating would typically have a 
length along each axis 14, 15 in the range of 500 microns to 2 millimetres. The 
faces 23 are typically at right angles to the axes 14, 15. The angle A between the 
axes 14, 15 is preferably a right angle so the beam portions 6, 7 travel parallel to 
each other between the mirror 1 and the grating 2. 

The mirror 1 may also be formed in a layer of silicon by a deep etch extending all 
the way through the light guiding layer and would typically be from a few hundred 
microns to a few millimetres wide. 

As indicated above, an advantage of the optical device illustrated in Figures 1, 2 
and 3 is that it is compact because the light beam portions 6, 7 follow the same 
optical path in opposite directions and only one optical system, the mirror 1 , is 
needed to collimate the incident beam 5 and direct it to the optical gratings 3, 4 
and to direct the sets of individual beams emerging from the optical gratings to 
the receiving waveguides 8. 

The optical system illustrated in Figures 1, 2 and 3 also preserves the phase 
distribution in the incident light beam 5 and therefore does not result in any loss 
of coherence. 
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Figure 6 illustrates an optical reflection grating constructed in a mann r similar to 
that described abov with reference to Figur s 4 and 5 for an optical transmission 
grating. The refl ction grating is formed from a lin ar array of g nerally triangular 
recess s 24 in a layer 25 of transparent material. Each recess 24 is formed with 
two surfaces 26, 27 extending generally at right angles to each other and 
connected by a third surface 28. The surfaces 28 of the array of recesses extend 
along an axis 29. The recesses 24 are spaced by distances d1, d2, d3 etc. In 
the operation of the grating, a portion 30 of an incident light beam travels through 
the layer 25 towards the array of recesses and undergoes total internal reflection 
at the surfaces 28 since the refractive index of the material of the layer 25 is 
greater than the refractive index of the material in the recesses (which would 
typically be air). The incident light beam is therefore reflected away from the 
reflection grating and, as for a transmission grating, the reflected light beam 
leaves the recesses in a well known manner in the form of an interference pattern 
comprising a series of peaks at different angular positions relative to the axis 29, 
each peak comprising light of a particular wavelength or narrow band of 
wavelengths. 

Figure 7 illustrates an optical device using an optical reflection grating comprising 
two parts 31 , 32 arranged with their axes at right angles and two mirrors 33, 34 
also arranged at right angles. An incident multi-wavelength light beam 35 is 
reflected off a first mirror 33 onto the first part 31 of the reflection grating. The 
beam is reflected off this first part 31 of the grating onto the second part 32 of the 
grating and from there onto a second mirror 34. The incident beam 35 is initially 
split up by reflection from the first part 31 of the grating into a set of individual 
light beams of different wavelengths or narrow bands of wavelengths and is 
further split up by reflection from the second part 32 of the grating. As in the two 
part transmission grating in the device illustrated in Figure 1, the resolution of the 
incident multi-wavelength light beam into individual single wavelength or narrow 
waveband light beams is improved by reflecting the incident beam of light from 
the two parts of the optical reflection gratings in succession. 

Figure 7 shows the incident beam 35 b ing directed towards the first part 31 of 
the grating and being reflected therefrom to the second part 32 of the grating and 
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then to the mirror 34. In this case, the b am 35 is not split into two parts which 
are each directed to a respective part of the grating and then refl cted to the 
other part of the grating. Howev r, the arrangement may be modified to operate 
in this manner, e.g. by appropriat positioning of the mirrors, by th use of one or 
more semi-reflecting mirrors or by the use of other forms of optical system. 

Figure 8 illustrates another optical device including an optical reflection grating 
comprising two parts 51, 52 and a lens 53. An incident multi-wavelength light 
beam 54 from an input waveguide 57 is collimated by passing through the lens 53 
and is effectively divided into two beam portions 55, 56 by the positioning of the 
lens 53 relative to the grating parts 51 , 52. Beam portion 55 is reflected and split 
up by the grating 51 and beam portion 56 is reflected and split up by the grating 
52. The spiit up beam portion 55 is passed to and is further reflected and split up 
by grating 52 and the split up beam portion 56 is passed to and is further split up 
and reflected by grating 51. The split up beam portions then pass back to the 
lens 54 which focusses the individual light beam of different wavelengths or 
narrow bands of wavelengths to respective output waveguides 58. As in the two 
part transmission grating in the device illustrated in Figure 1, the resolution of the 
incident multi-wavelength light beam into individual single wavelength or narrow 
waveband light beams is improved by passing the incident beam of light through 
two optical grating parts in succession. 

The input waveguide 57 and output waveguides 58 may be arranged in a manner 
similar to that shown and described above in relation to Figure 1. Conveniently, 
the input and output waveguides may comprise rib waveguides which lead to 
respective optical fibres (not shown), e.g. of an optical fibre ribbon. The 
waveguides lead to fibre coupling means (not shown) adapted to receive optical 
fibres to which the respective individual beams are to be transmitted. 

The lens 53 may be provided in an integrated circuit in the form of an 
appropriately shaped deep-etched recess etched in the chip. Such integrated 
lenses are well known so will not be described further. 
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Figure 9 illustrat s another optical device which, in this case, us s a chirped 
optical transmission grating comprising two parts 61, 62. An incident multi- 
wavelength light beam 63 from an input waveguide 66 is effectively divided into 
two beam portions 64, 65. B am portion 64 is split up by and transmitted through 
the grating part 61 and beam portion 65 is split up by and transmitted through the 
grating part 62. The split up beam portion 64 is passed to and further split up by 
and transmitted through the grating part 62 and the split up part beam 65 is 
further split up by and transmitted through the grating part 61. Since the grating 
parts 61, 62 are chirped the split up beam portions on emergence from the 
grating parts are focussed so a lens such as that shown in Fig. 8 is not required. 

The beam portions are thus split up into individual light beams of different 
wavelengths or narrow bands of wavelengths and these are focussed to 
respective output waveguides 67. As in the two part transmission grating in the 
device illustrated in Figure 1, the resolution of the incident multi-wavelength light 
beam into individual beams of light of different wavelengths or narrow wavelength 
bands is improved by passing the incident beam of light through two optical 
grating parts in succession. 

The input and output waveguides 66 and 67 are similar to those shown in Figure 
8. The waveguides 66, 67 may typically be spaced from each other by around 10 
to 20 microns and may be connected to optical fibres (not shown) in an optical 
fibre ribbon (which are typically spaced from each other by about 250 microns) by 
forming the waveguides 66, 67 so they diverge from each other to an oppropriate 
spacing which matches that of the optical fibres in the optical fibre ribbon. 

Chirped optical transmission gratings as used in the device illustrated in Figure 9 
are well known and are generally fabricated as illustrated in Figures 4 and 5 
except that the spacing between adjacent recesses 11 varies, along the axes 14, 
15 in a known manner to achieve the desired focussing effect. 
A further advantage of the arrangement shown in Figure 9 is that, since the 
splitting up or dispersion of the part beams 64, 65 is shared between the two 
gratings 61, 62, the focussing provided by "chirping" of the gratings is also split 
into two, half being provided by each grating. This enables the angle of incidence 
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of th light beams on the faces 23 of the recesses 1 1 , to be I ss than the critical 
angle, so that total internal reflection occurs and th re is therefore little loss of 
light through the faces 23. With known arrangements using a chirped grating it is 
often difficult to arrange for the angle of incidence to be less than the critical 
angle so only part of the light is reflected from the grating and a large proportion 
of the light is lost by transmission through the grating. 

As indicated above, as the arrangement shown in Figure 9 uses a chirped grating 
which both disperses light of different wavelengths and focusses the output light, 
it dispenses with the need to provide a mirror or other means to focus the 
different wavelengths to the respective receiving waveguides. 

It will be appreciated that each of the embodiments described may use either a 
transmission grating or a reflection grating; the transmission grating shown in 
Figs. 1 - 3 and 9 may thus be replaced by a reflection grating and the reflection 
grating shown in Figs. 7 and 8 may be replaced by a transmission grating. 

The optical system employed may take different forms and may comprise one or 
more mirrors, or semi-reflecting mirrors, mirrors of other forms, lenses, etc. 
depending on the required function of the device. 

It will also be appreciated that the device may be used as a multiplexer, rather 
than as a de-multiplexer, by substituting light sources each of a single wavelength 
or narrow wavelength band for the light receivers 9 and substituting light receiving 
means for the multi-wavelength source referred to above. Operation of the 
device as a multiplexer is similar to its operation as a de-multiplexer by reversing 
the direction of light transmitted through the device. 

Figure 10 is an enlarged view of part of an arrangement such as that shown in 
Figure 1 in which the geometry of the optical system and/or the mirror or grating 
is arranged so that the two portions of the beam are not re-combined. Instead, 
signals froma a first portion of the beam, eg signals X,, X* Xg, X 4 , X* and X* are 
directed into waveguides 8 which lead to a first set of photodiodes 9 whereas 
signals X\, X' 2 , X' 3 , X' 4 . X' s and X* e are directed into waveguides 8' which lead to a 
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second set of photodiodes 9". One set of photodiodes may be used to provide 
output signals, whilst th other set may be used to monitor the outputs so 
feedback control can be provided to the SLD 10. 

The optical device described herein may be used in apparatus such as that 
described in GB9727013.6 (publication no. GB2321130A) the disclosure of which 
is incorporated herein by reference. 

As shown in Figure 11, the device may receive light from a broadband laser 
source, such as an SLD 10. having a high reflection (HR) coated back facet 10' 
and an anti-reflective (AR) coated front facet 10" (to prevent a laser cavity being 
formed with the SLD), and the waveguides 8 lead to end facets 1 1 having semi- 
reflective coatings thereon. Laser cavities are thus formed between the HR 
coated facet 10' and the respective semi-reflective coated facets 11 and laser 
output is provided through the semi-reflective coated facets 11, each waveguide 
8 providing a different wavelength. In this arrangement, the SLD 10 acts as a 
laser amplifier for ail wavelengths and separate modulators (not shown) may be 
provided in each waveguide 8 to modulate the output signals. 

Figure 12 shows a further embodiment in which the optical device is used as a 
multiplexer rather than a de-multiplexer. In this arrangement, a laser diode 12 is 
provided on each waveguide 8, each laser diode having a high reflection (HR) 
coated back facet 12' and an anti-reflective (AR) coated front facet 12" (to 
prevent a laser cavity being formed with the laser diode), and waveguide 5 is 
used as an output waveguide and has an end facet 5' provided with a semi- 
reflective coating. Laser cavities are thus formed between the semi-refective 
coated facet 5' and the respective HR coated facets 12' and the signal output 
through the semi-reflective facet 5' comprises a multiplexed signal of the outputs 
of the individual laser diodes 12. In this arrangement, each laser diode 12 acts 
as a gain element and modulates the respective wavelength it emits. 

Th laser diodes 12 may each be hybridised on th chip in the manner described 
in GB2307786A referred to abov or they may be provided in th form of a laser 
bar, ie a series of laser diodes on a common strip hybridised on the chip. 
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In mbodiments in which signals are transmitted to or received from optical fibres, 
th se are preferably connected to waveguides integrated on the device by fibre 
coupling means such as thos disclosed in WO-A-97/42534. 

In the above arrangements, the device is thus integrated within a laser cavity or 
multiple cavities and used to multiplex or de-multiplex iasing wavelengths within 
the cavity or cavities. Such an arrangement may be used as a transceiver 
operating on multiple wavelengths or in other apparatus requiring wavelength 
division multiplexing or de-multiplexing of laser light. 
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CLAIMS 

1. An optical device for splitting up a multi-wavelength light beam into a 
plurality of individual beams of light of different wav lengths or narrow 
bands of wavelengths comprising: 

an optical grating, and 

an optical system for directing an incident multi-wavelength light beam 
onto the grating so that a first portion of the light beam passes through the 
grating in one direction and is split into a first set of individual light beams 
of different wavelengths or narrow bands of wavelengths and a second 
portion of the light beam passes through the grating in the opposite 
direction and is split into a second set of individual light beams of different 
wavelengths or narrow bands of wavelengths. 

2. An optical device for splitting up a multi-wavelength light beam into a 
plurality of individual beams of light of different wavelengths or narrow 
bands of wavelengths comprising 

an optical grating having a first part and a second part, and 

an optical system for directing an incident multi-wavelength light beam 
onto the grating so that the incident beam passes through the two parts of 
the grating in succession and the two parts of the grating act in succession 
on the incident light beam to split the incident light beam into a set of 
individual beams of light of different wavelengths or narrow bands of 
wavelengths. 

3. An optical device as claimed in Claim 1 in which the optical grating has a 
first part and a second part, and 
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the optical system is arranged to direct a first portion of th incident beam 
onto th first part of the grating, and a second portion of th incident 
beam onto the second part of the grating, 

the opticai grating being constructed so that the first portion of the incident 
beam, on leaving the first part of the grating, is transmitted to the second 
part of the grating and the two parts of the grating split the first portion of 
the incident beam into a first set of individual beams of different 
wavelengths or narrow bands of wavelengths, and so that 

the second portion of the incident beam, on leaving the second part of the 
grating, is transmitted to the first part of the grating and the two parts of 
the grating split the second portion of the incident beam into a second set 
of individual beams of different wavelengths or narrow bands of 
wavelengths. 

An optical device as claimed in Claim 1 or 3 in which the first and second 
portions of the beams are re-combined by the optical system after passing 
through the optical grating. 

An optical device as claimed in Claim 3 or 4 in which the two parts of the 
grating are co-planar and inclined to each other at an angle. 

An optical device as claimed in Claim 5 in which the angle is a right angle . 

An optical device as claimed in any one of the preceding claims including 
a further optical system for receiving the individual beams from the optical 
grating and directing the individual beams to respective optical receiving 
means. 

An optical device as claimed in Claim 7 in which the optical system and 
the further optical system comprise a common mirror for directing an 
incid nt multi-wavelength light beam onto the grating and for receiving the 
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individual beams returning from the grating and for directing th individual 
beams to respective optical receiving means. 

9. An optical device as claimed in Claim 7 or 8 in which the optical receiving 
means comprises a plurality of waveguides each positioned to receive a 
respective one of the individual beams. 

10. An optical device as claimed in Claim 7, 8 or 9 which is incorporated within 
a laser cavity or multiple laser cavities. 

11. An optical device as claimed in Claim 10 arranged to receive light from a 
multi-wavelength source and provide an output comprising a plurality of 
laser wavelengths. 

12. An optical device as claimed in Claim 9 in which the waveguides lead to 
optical sensors, preferably photodiodes. 

13. An optical device as claimed in Claim 9 in which the waveguides lead to 
fibre coupling means adapted to receive optical fibres to which the 
respective individual beams are to be transmitted. 

14. An optical device as claimed in any one of the preceding claims in which 
the optical grating is a transmission grating. 

15. An optical device as claimed in any one of Claims 1 to 13 in which the 
optical grating is a reflection grating. 

16. An optical device as claimed in any one of the preceding claims in which 
the optical grating is a chirped grating. 

17. An optical device as claimed in Claim 16 arranged such that a multi- 
wavelength light beam from an input waveguide or optical fibre diverges 
from the input waveguide or optical fibre and is incid nt upon the chirp d 
grating and light returning from the grating is directed thereby to a s ries 
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of receiving waveguid s or optical fibres each positioned to receiv light of 
a given wavelength or narrow wavelength band from th grating. 

1 8. An optical device as claimed in any one of the preceding claims integrated 
on a silicon chip, preferably a silicon-on-insulator chip. 

19. An optical device as claimed in any preceding claim arranged for use as a 
multiplexer by reversing the direction of light beam(s) transmitted 
therethrough. 



20. 



A multiplexer or de-multiplexer substantially as hereinbefore described 
with reference to the accompanying drawings. 
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